Introduction
Acute exacerbations of chronic obstructive pulmonary disease (AECOPD) are characterized by a sudden worsening of patients' respiratory symptoms such as shortness of breath, cough, and sputum production 1 and are defining events, which are associated with increased COPD morbidity and mortality. 2, 3 These events also decrease quality of life, 4 accelerate the lung function decline, 5 and are associated with significant health care costs. 6 Patients with COPD experience the greatest number of readmissions to acute hospital care and the emergency room (ER) visits of any patient group, with more than half of these readmissions due to COPD. 7 Because of this, decreasing acute exacerbations and reducing readmissions remain the primary goals of COPD management.
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Earlier research has investigated chronic disease management strategies to address the significant burden associated with AECOPD. Most of these studies have been in the form of targeted care programs focused on a combination of patient education, self-management, and outreach health care services. 8 While some of these programs have improved exacerbation and readmission frequency, [9] [10] [11] others have shown no benefit. [12] [13] [14] Furthermore, these care programs are inconsistent in their effect on patient mortality. This heterogeneity likely stems from the variability of care program components, study designs, and patient populations. In addition, there is an evidence to suggest that certain subpopulations respond differently to care programs than others, 10 indicating that wholepopulation studies overlooked important subtleties in the COPD management. This suggests that targeted individualized care programs may be more impactful reducing morbidity and mortality following an acute exacerbation of COPD.
This study was designed to determine the effects of a "needbased" individualized care package (CP) delivered to an innercity population of patients hospitalized for AECOPD. The CP was developed to target the sensitive time period (2-4 weeks) immediately following a hospitalization due to AECOPD. 2 The primary outcome measured was readmission rates at 30 and 90 days and the secondary outcomes investigated were the length of time until first readmission and mortality rates.
Methods Patients
The patients were selected for inclusion into the study if they had had a hospitalization with a primary diagnosis of AECOPD at two inner-city hospitals, St Paul's and Mount St Joseph's Hospitals, between March 1, 2012 and March 1, 2014. The patients were excluded if they lived outside the normal service area of these two hospitals. The CP was fully implemented on March 1, 2013. Therefore, the pre-CP group consisted of patients whose admission occurred between March 1, 2012 and March 1, 2013, before the CP has been enacted. The CP group consisted of patients whose admission occurred between March 1, 2013 and March 1, 2014, during the full implementation of the CP.
COPD management standard care
In-hospital management of AECOPD in all subjects during both periods were standardized using a hospital-wide protocol for AECOPD based on ATS/ERS guidelines. 15 The day-to-day management of patients was done under the guidance of the admitting physician (either general internist or respirologist).
Care package
A COPD Outreach Team was assembled to implement and deliver the individualized CP. The team consisted of a nurse practitioner, a respiratory therapist, and a physiotherapist. The patients admitted to hospital due to AECOPD were initially approached by a member of the Outreach Team and enrolled into the program. The CP was divided into four main stages: i) initial contact; ii) postdischarge phone-call/contact; iii) home visit; and iv) continued care. The specific interventions employed at each of these stages are outlined in Figure 1 .
The Outreach Team functioned as a cohesive unit with largely overlapping responsibilities of patient care. The multidisciplinary nature of the team also allowed each member to contribute their respective expertise to certain interventions. For example, the physiotherapist was the best able to address fall prevention and encourage mobility, the respiratory therapist to assess breathing and review breathing techniques, and the nurse to provide disease education and perform medication reconciliation. Every home visit was attended by at least two of the three-team members. Not all of the interventions listed in Figure 1 were performed for every patient, and the relative emphasis placed on each was different for every patient. The individualized management plan for each patient was determined based on comprehensive clinical and needs assessment.
Overall, the goal of the program was to provide targeted and individualized disease management by: i) facilitating a seamless transition of the patient back the community; ii) providing disease-specific education and self-management training; iii) identifying and addressing individual risk factors; and iv) mobilizing appropriate community resources and coordinating care providers.
Data collection
Patient data were retrospectively collected using patient charts and hospital's electronic databases. To ensure that readmissions to other hospitals or deaths were not missed, a provincial-wide electronic database "CareConnect Electronic Health Record" was used. This application collects and centralizes patient demographics, care information, and clinical documents. Ethics approval for this study was obtained from Statistical tests used to assess baseline patient characteristics were chosen depending on the number of groups being compared, whether the variable was continuous or proportional, and whether the data was normally distributed or not. For analysis of two groups, the Student's t-test and Fisher's exact test were used. For comparison between four groups, the analysis of variance test with a post hoc Tukey test and the chi-square test was used.
Length of time until first readmission was evaluated using the Student's t-test. All-cause mortality was assessed through the Kaplan-Meier estimate, using the log-rank test to determine significance. All tests listed earlier were performed using Prism 5 for Windows (GraphPad Software, Inc., San Diego, CA, USA).
The independent effects of the CP on all-cause total, ER, and hospital readmission rates at 30 and 90 days were assessed using predefined multivariant linear regressions. A priori determined covariates included age, sex, number of comorbidities, index admission length of stay, substance abuse (SA), and mental illness. Age, sex, number of comorbidities, and index admission length of stay were included because these variables are known to influence readmissions, 16, 17 while SA and mental illness were included to reflect the nature of the population being studied (ie, high prevalence of SA and mental illness). Forced expiratory volume in 1 second (FEV 1 ), body mass index, and pack-years of smoking history were not included because data was not available for all patients and power would have been significantly reduced. Similar regressions were performed to assess the effects of SA and sex on readmissions. These regressions were performed using R-Studio for Mac (RStudio, Inc., Boston, MA, USA). All tests employed in this study were two-tailed and P-values 0.05 were considered significant.
Results
Baseline patient characteristics
A total of 462 patients fulfilled the eligibility criteria and were included in the study. Of these, 271 were part of the control pre-CP group and 191 received the CP. There were no significant differences in baseline demographic characteristics between the two groups ( Table 1) . Due to the innercity nature of the study population, a substantial portion of the study subjects had a history of SA. Because a history of SA was associated with an increased readmission rate, the patients were stratified as SA if they had a past or current history of SA (recreational drugs and alcohol) or non-SA (NSA) if they had no such history ( Table 2 ). The patients with SA were significantly younger than the patients with NSA with slightly more comorbidities.
readmissions
The all-cause readmission rates for patients in the pre-CP and CP groups are shown in Figure 2 . Multivariate linear The patients with comorbid SA were found to have significantly greater readmission rates than those without ( Figure 4A ) both at the 30-and 90-day periods. There was a trend (P0.08) toward reduction in 90-day readmission rates in the NSA group but not the SA group ( Figure 4B and C).
Male patients were found to have significantly more readmissions to acute care within 30 days than female patients ( Figure 5A ). Furthermore, the CP was found to significantly decrease 90-day total and 90-day ER readmissions in female patients ( Figure 5B), but not male patients ( Figure 5C ). Summary of the results of the adjusted and unadjusted regressions can be found in Tables S1-S5.
Mortality
All-cause mortality was compared between the pre-CP and CP patient groups over 90-day postindex admissions. The pre-CP group was found to have significantly increased allcause mortality compared with the CP group with a hazard ratio equal to 2.455 (95% confidence interval: 1.109-5.436; Figure 6 ). Using the absolute reduction in risk of death at 90 days, 21 patients would have to be treated to prevent one death (95% confidence interval: 12-110).
Discussion
The primary goal of this study was to determine the impact of an individualized CP on early readmission rates following a hospital admission due to AECOPD. Our results showed that this type of intervention did not alter readmission rates of subjects with moderate-to-severe COPD. In the subgroup analysis, we found that 90-day readmissions were reduced in female patients who received individualized CP, suggesting females were more sensitive to our CP. Because of the proximity of these hospitals to a neighborhood with high rates of poverty, ~18% of subjects had either earlier or current SA problems and our results showed that these patients had increased readmissions both at 30 and 90 days. Interestingly, all-cause mortality at 90 days was reduced in the CP group. Together, these findings suggest that an individualized CP could impact COPD morbidity and mortality after an acute exacerbation in certain subpopulations. 
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Impact of individualized care on readmissions AECOPD are defining events in the progression of COPD impacting both morbidity and mortality. 2, 3, 18 Whether interventions such as specific "care packages" modify morbidity and mortality, in particular readmissions, are still controversial due to variable success. [9] [10] [11] [12] [13] [14] 19 Part of the difficulty of trying to compare studies is the heterogeneity of the interventions enacted, although certain foundational aspects of these CPs, such as disease education and selfmanagement training, are relatively universal. In addition, patient populations, follow-up lengths, and outcomes measured differ greatly between studies. Several systematic reviews 8, 19, 20 have highlighted this controversy and it is still uncertain why some CPs work while others do not, whether it is the level of intervention that plays a role 8 or the patient population/COPD phenotype. However, these reviews all recognize the potential value of these CPs and the need for further study to determine how COPD management can be better optimized.
We looked to determine whether a CP individualized to each subject's circumstance could reduce early readmission rates in subjects admitted to the hospital for an AECOPD. Our study showed that our CP did not alter COPD readmissions in the whole group, a result similar to a recent randomized control trial by Jennings et al.
14 Our patient population was similar to those in the randomized trail in terms of demographics and disease severity, although the interventions differed significantly. The study by Jennings et al 14 used a fixed, standardized intervention on discharge with one phone call 48 hours following discharge. In contrast to this management plan and many of the other interventions previously investigated in the literature, our CP was purposely designed to be flexible so that it could be individualized to each patient to address the unique medical and social needs. Which interventions were included and emphasized for each patient was up to the discretion of the Outreach Team and depended objective clinical parameters and subjective assessments of situational factors as well as the willingness and abilities of the particular patient. Invaluable to the subjective assessments and unique to our CP was the inclusion of one or more home visits by two or more health professionals. Furthermore, central to our study was the integration of patients with community resources and continued follow-up by phone calls or home visits.
Our hospital serves a large inner-city population and a significant proportion (~30%) of patients are residents of the Downtown Eastside, a marginalized population where crime, unemployment, homelessness, poverty, poor education, SA, and chronic infections are prevalent. 21, 22 These subjects frequently have no fixed address or phone number and have limited social support. As these factors have been associated with increased barriers to care, 23 decreased ability to self-manage disease, 24 and poor adherence to management regimens, 25 we suspect that these factors played a role in why we were unable to show a significant impact of our CP in the whole group of subjects. To further support this notion, ~20% of the population served by the Outreach Team had significant SA issues, many subjects with polysubstance abuse, including significant intravenous drug use. A history of current or earlier SA was the strongest risk factor for readmission ( Figure 4A ) of all the factors included in the multivariate analysis. There was a trend toward a reduction in 90-day readmissions ( Figure 4C ) in the NSA group, but the CP did not impact the readmissions in the SA group, suggesting this Interestingly, the average FEV 1 in the SA group was similar to that in the NSA group even though the patients were on average ~14 years younger, suggesting more severe COPD at a younger age in the SA group. The explanation for this is most likely multifactorial and may include more complex lung disease such as associated bronchiectasis, interstitial lung disease, or the direct effects of smoking drugs (such as cocaine). These patients could also have an accelerated progression of their lung disease, as has been documented in such subjects with HIV. 26 This needs further investigation. Subgroup analysis showed that readmissions at 90 days in female patients were reduced by the CP intervention, suggesting that females are more sensitive to this mode of intervention than males. This effect was predominantly driven by a reduction in ER visits ( Figure 5B ). Disease and self-management education may have helped patients recognize and treat less severe exacerbations earlier and more effectively, thereby decreasing the need to visit the ER. The CP may have also improved day-to-day COPD management and reduced the frequency of less severe exacerbations. As in most large COPD studies, males predominated our study and we suspect that this could be the reason why our total population results were negative. Female sex as an independent factor was not associated with more frequent readmissions while male sex was ( Figure 5A ), further strengthening our finding that females were more sensitive to the CP.
To our knowledge, only Moullec et al 10 have previously assessed sex-related differences in response to a care program in patients with COPD. They too found that women responded significantly better than men. A large body of research has demonstrated significant differences in COPD manifestation and experience between men and women. On radiological examination, men and women present with different lung pathology phenotypes, with men showing relatively greater emphysema and less airway involvement. 27, 28 Women also have a different comorbid profile compared with men 29 and 
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Impact of individualized care on readmissions Somewhat unexpectedly, we found a reduction in all-cause in-hospital mortality at 90 days in the group that received the CP. This result was unexpected considering the relatively small size of this study and the relatively low mortality rate. We recognize that in-hospital mortality data may not necessarily be representative of true mortality rates, but this is an important finding that needs further study and follow up. Interestingly, Sridhar et al 12 found very similar results with their CP, noting no improvements in readmission rates but a significant reduction in deaths, supporting our finding.
Limitations
This study has some limitations. First, it is a retrospective study and therefore depended on data available in the electronic medical record system. As such, not all variables could be collected for every patient, preventing the inclusion of parameters such as FEV 1 , body mass index, pack-years of smoking history, and socioeconomic factors into the analysis. Second, the population had a particularly low average socioeconomic status and unusually high rates of SA and mental experience COPD differently, reporting greater dyspnea, functional limitation, and psychological distress. 30, 31 These differences may also play a role in the sex-difference in response to intervention.
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adamson et al illness. The results of the study may therefore have reduced generalizability. Third, the care delivered to each patient was purposely unique and to assess specific interventions would need a much larger cohort.
Conclusion
We conclude that an individualized CP does not reduce readmissions in subjects admitted to hospital for AECOPD, but it does reduce readmissions in female patients and also decreases all-cause in-hospital mortality. Due to the individualized nature of our CP, it is difficult to pinpoint the particular intervention(s) that lead to these effects. To tease out which aspects of the CP are more effective in improving patient outcomes, a larger randomized control trial that employs a similar model of care is needed to determine which specific interventions have the largest impact. We suspect that better and earlier recognition of exacerbations, improved self-management techniques, and availability of an Outreach Team for improving day-to-day disease management in the community could have contributed to the beneficial effects of the CP intervention following AECOPD.
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